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Introduction
More than one third of US children

have not been appropriately immunized
by the second birthday.' Delayed immuni-
zation is a major public health problem
that has been associated with measles
epidemics in recent years.2 Better finan-
cial access to preventive care is a neces-
sary but not sufficient condition for timely
immunization.->

Improving immunization delivery will
require a better understanding of nonfi-
nancial reasons for delay. Previous studies
have not been able to prospectively
evaluate parent beliefs while controlling
for financial access.7-9 In this prospective
study of children with good financial
access to preventive care, we evaluated
(1) the rate of delayed immunization; (2)
the influences of nonfinancial risk factors;
and (3) the accuracy of existing computer-
ized information as a basis for identifying
high-risk children for advance outreach
efforts.

Method
Study Design

Parents of 13-month-olds were inter-
viewed by telephone. Each child was then

+. followed for at least 5 months via a

computerized immunization tracking sys-
tem. The system was initiated at the
Northern California Kaiser Permanente
Medical Care Program (KPMCP) in the
winter of 1991 and included any child
immunized at any of 13 clinics on-line at
the start of this study. The measles-
mumps-rubella (MMR) immunization was
used as the main outcome measure
because it is the first immunization due in

the second year of life, when children are

most likely to miss immunizations. The
immunization was considered delayed if
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given more than 90 days after the due
date.l"'"

Study Poplulation
KPMCP is a group-model health

maintenance organization (HMO) that
covers approximately 700 000 children in
a geographic region approximately 250
miles in diameter. Most members receive
health insurance as an employment ben-
efit. Immunizations are covered in full.
although some members must copay up to
$15 for well-child care visits.

Between March and July of 1992,
6696 children seen in the KPMCP clinics
served by the immunization tracking sys-
tem turned 13 months old. Telephone
interviews were attempted with 831 ran-
domly selected families. Families were
ineligible if the parents did not speak
English, Spanish, or Cantonese (n = 10);
the telephone number was wrong or had
been disconnected (n = 52); they re-
ported not using KPMCP, usually because
they had a second form of insurance
coverage (n = 61); or the child experi-
enced a gap in KPMCP insurance cover-
age between 13 and 18 months of age
(n = 103).
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Telephone Survey

A 15-minute, 33-question telephone
survey was conducted in English, Spanish,
or Cantonese by six experienced interview-
ers. It covered demographic characteris-
tics, family organization, health care sys-

tem variables, and vaccine knowledge and
attitudes. Family organization questions
included numbers of children and adults
in the household and how many years the
family had lived at its present address.
Health care system questions covered
experiences at the last visit for well-child
care and whether the child had a regular
doctor or nurse-practitioner at KPMCP.

For vaccine knowledge and attitudes,
parents were asked when they expected
the child's next well-child checkup, when
they expected the next shot, whether the
child or any of the family's other children
had ever had a worrisome reaction to a

shot, and whether the child had ever been
more than a month late for a shot. Parents
were asked how much they worried about
the risks of shots, how much they would
worry if the child were not up to date on

shots, and whether the parent had ever

hesitated to have the child get a shot. (A
copy of the survey instrument is available
from the authors.)

A follow-up survey was conducted
for children without an immunization
tracking system record of an MMR by 18
months of age. For 13 of these children,
the parent reported and chart review
confirmed that the MMR immunization
had been given, usually at a KPMCP
facility that was not yet part of the
immunization tracking system. The com-

puterized data were corrected prior to
analysis.

StatisticalAnalysis
In the bivariate analysis the chi-

square test (with Yates' continuity correc-

tion for 2 x 2 tables) was used for
categorical variables, the Wilcoxon rank-
sum test was used for ordinal variables,
and the Spearman correlation coefficient
was used for associations between ordi-
nal variables. Multivariate analysis was

performed with logistic regression pro-

cedures in SAS (SAS Institute, Inc,
Cary, NC).

Results
Of the 605 eligible families, 530

(88%) completed interviews. Sixty-eight
were unreachable after repeated at-
tempts, and 7 declined to be interviewed.

Predictor Variables
Table 1 shows the demographic and

family organization characteristics of the
study population. In terms of health care

system variables, almost all parents (96%)
said their child had a regular primary care

provider at KPMCP. Most (53%) had no

copayment for well-child visits; 43% paid
between $1 and $5. Forty-five percent of
parents had missed or rescheduled work
to bring their child to his or her last
well-child visit. A plurality of parents
(45%) had had the last well-child visit
scheduled between 1 and 2 months in
advance, 51% had waited less than 15
minutes to see the primary care provider,
and 59% had spent between 1 and 2 hours
on the round trip to the appointment,
including transit time.

Table 2 shows parental knowledge
and attitudes about immunization. Par-
ents were asked when they expected their
child's next well-child appointment and
next shot. Answers that fell before the
child's 16-month birthday were scored as

correct. It is noteworthy that 36% of the
parents in this study did not know when
their child's next shot was due; this answer
was highly correlated with not knowing
when the next well-child visit was due

(P < .001).
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TABLE 1 -Demographic and Family Organization Characteristics of Families of
1 3-Month-Olds (n = 530) and Associations with Delayed
Immunization: Northern California Kaiser Permanente Medical Care
Program, 1992

Relative Risk
of Delayed

No.a (%) Immunizationb 95% Cl pC

Demographics
Race/ethnicity
White 265 (50) ... ... ...

Latino 99 (19) 1.2 0.6, 2.4 NS
Asian 90 (17) 1.8 1.0,3.2 NS
Black 68 (13) 2.1 1.2,3.8 .03
Other or unspecified 8 (1) ... ... ...

Father's education .10
Less than high school 39 (7) 1.9 0.8, 4.2 ...
High school graduate 148 (28) 1.5 0.9, 2.8 ...
Some college 156 (29) 1.4 0.8, 2.5 ...
College graduate or more 186 (36) ... ... ...

Annual household income NS
< $30 000 133 (27) 1.6 0.8,3.2 ...

$30 000-$50 000 206 (42) 1.9 1.0,3.6 ...
> $50 000 149 (30) ... ...

Both parents employedd 322 (61) 0.8 0.5, 1.2 NS

Family organization
No. of children .007

1 222 (42) ... ... ...

2 184(35) 1.0 0.6,1.9 ...

.3 124 (24) 2.2 1.3,3.7 ...

Single-parent family 50 (9) 0.8 0.3,1.8 NS

Years of residence at current
address

<1 y 91 (17) 1.3 0.8,2.1 NS
1-3 200 (38) 1.1 0.7,1.7 NS
> 3 238 (45) ... ... ...

Note. Cl = confidence interval; NS = not significant.
aNumbers may not sum to 530 owing to missing values. No more than 3% of data in any category
were missing, except for income, in which 8% of data were missing.

bRelative risk is expressed in comparison with the baseline categories: White, college graduate or
more, more than $50 000 annual household income, one child, one parent employed, two-parent
family, and more than 3 years' residence at current address.

cThe chi-square test was used for categorical variables. The Wilcoxon rank-sum test was used for
ordinal variables (father's education, annual household income, and number of children in family).

dFor one-parent households, this variable was scored "yes" if the parent was employed.
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Delayed Immunization Rates
and Predictors ofDelay

Two thirds of the children in the
study group received their MMR vaccina-
tions within 30 days of the due date.
However, 16% were late for the vaccina-
tion by 60 days or more, and 13% were

late by 90 days or more. The rate of de-
layed immunization at 90 days was higher
among ineligible and unreachable fami-
lies (21%) than among the study group.

The baseline telephone interview
was not intended to change behavior, but
it could have influenced study group

families to seek more timely immuniza-
tion. After children with gaps in KPMCP
insurance between 13 and 18 months of
age (for whom the immunization tracking
system might have incomplete records)
were excluded, there were 530 families in
the study group, 645 in the attempted
interview group, and 4448 in the control
group not selected for interview attempts.
The study group had a lower rate of
delayed immunization (13%) than the
control group (19%; P < .001), but this
comparison is biased by the inability to
exclude ineligible and unreachable pa-

tients from the control group. The rate of
delayed immunization among all 645
families in the attempted interview group
(16%) was lower but not significantly
different from that of the control group

(P = .08).
Univariate analysis ofpredictors. Black

race was correlated with delayed immuni-
zation (Table 1): 21% of Black children,
compared with 10% of White children,
were late by 90 days or more (P < .05).
Income, education, and language spoken
at home were not significantly associated
with immunization delay. Families with
more children were at higher risk for
delayed immunization (P < .01).

Unexpectedly, parents who reported
having had the previous appointment
scheduled more than 2 months in advance
had lower rates of delayed immunization
than parents who had the appointment
scheduled sooner (P < .05). Having had
the previous appointment scheduled far-
ther in advance may indicate better
organizational skills on the part of parents
rather than a longer wait for appoint-
ments. The amount of copayment was not
associated with delayed immunization.

Most attitudes toward vaccines were
not associated with delayed immunization
(Table 2). Paradoxically, the more the
parent worried about the risks ofvaccines,
the lower the likelihood of delayed immu-
nization (P < .05). Not knowingwhen the

next shot was due (P < .001) was strongly
correlated with delayed immunization. It
should be noted that 15-month-olds are

eligible to receive the MMR immuniza-
tion on time even if they have been late
for previous immunizations. Despite this
fact, having been late for a previous shot
by the parent's report was also a strong
predictor of delayed MMR immunization

(P < .001).
Multivanate analysis ofpredictors.Vari-

ables associated with delayed immuniza-
tion at a level ofP < .10 were included in
a logistic regression model (Table 3).
Families with more children, those who
did not identify a regular doctor, those
who did not know when the shot was due,

and those who worried less about the risks
of shots were at significantly increased
risk for delayed immunization. After
adjusting for these other factors, Black
race was no longer a significant predictor
of delayed immunization. Having been
late for a previous immunization was

excluded from the final model because its
similarity to the outcome of interest
tended to reduce the explanatory power
of other predictors. However, when this
variable was included it was significant
(adjusted odds ratio = 3.0, 95% confi-
dence interval = 1.6, 5.7, P < .001), and
the other significant predictors remained
significant with the exception of not

identifying a regular doctor (P = .07).
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TABLE 2-Parental Knowledge and Afttudes and Their Associations with
Delayed Immunization of 13-Month-Olds (n = 530): Northern
California Kaiser Permanente Medical Care Program, 1992

Relative Risk
of Delayed

No. (%) Immunizationa 95% Cl pb

Late for a previous shot by a month or
more (by parent's report)

Yes 99 (19) 2.6 1.7,4.1 <.001
No 421 (80) ... ... ...

Don't know 10 (2) ... ... ...

Reason for being late for previous shot
Childwassick 31 (31) ... ... ...

Appointment was unavailable 13 (13) ... ... ...

Too busy 7 (7) ... ... ...

Didn't know it was due 3 (3) ... ... ...

Forgot 3 (3) ...

Otherc 42 (42) ... ... ...

Did not know when next shot was due 189 (36) 2.2 1.4,3.3 <.001
Did not know when next well-child visit 149 (28) 1.6 1.0, 2.5 .06

was due
Ever hesitated to have a previous shot 33 (6) 1.7 0.9,3.5 NS

Ever had a vaccine reaction that caused 60 (11) 0.8 0.3,1.7 NS
worry

Amount parent worries about risks of .02
shots

A great deal 35 (7) ... ...

A moderate amount 111 (21) 1.0 0.3,3.6
A little 215 (41) 1.4 0.4, 4.3
Not at all 169 (32) 2.0 0.7,6.4 ...

Amount parent would worry if child were NS
late for a vaccine

A great deal 314 (60) 1.5 0.8,2.8 ...

A moderate amount 126 (24) ... ... ...

Alittle 65(12) 2.1 1.0,4.5
Not at all 23 (4) 2.0 0.7,5.7 ...

Note. Cl = confidence interval; NS = not significant.
aRelative risk is expressed in relation to the baseline categories: not late for a previous shot, knew
when next shot or well-child visit was due, never hesitated to have a previous shot, never had a
vaccine reaction that caused worry, worries a great deal about risks of shots, and would worry a
moderate amount if child were late for a vaccine.

bThe chi-square test was used for categorical variables. The Wilcoxon rank-sum test was used for
ordinal variables (amount parent worries about risks of shots, amount parent would worry if child
were late for a vaccine).

COther reasons parents gave for being late for shots included family emergencies, lapses in health
insurance coverage, the regular doctor's going on vacation, and rescheduling of appointments.
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Risk Prediction Based
on Computerized Data

Two variables available from tradi-
tional computerized databases-not hav-
ing a regular physician assigned and not
having made at least three well-child visits
during the first 7 months of life-were
used as predictors of delayed MMR
immunization. Having either of these risk
factors identified children who had de-
layed immunization with a sensitivity of
41% and a specificity of 75%. Thus, fewer
than half of the children who would be
late for the MMR immunization could be
identified in advance by means of informa-
tion from existing databases.

Follow-Up Survey
Of the 69 families identified by the

immunization tracking system as 90 or

more days late for the MMR, 43 had
follow-up interviews. Two children were

reportedly immunized outside KPMCP,
one in Mexico and one at a public clinic.
Nine parents said a shot had been given at
KPMCP, but there was no record of these
shots in the written chart or on the
tracking system. Three children had re-

ceived the MMR after 18 months of age.
Twenty-nine parents said their child

had not received a vaccination in the past
3 months or that they did not know.
Sixteen of these said they had been aware

the shot was due and 12 said they had not.
The main reason cited for delay was not
knowing the shot was due (n = 10), illness
of the child (n = 2), and being too busy or

forgetting (n = 4). Eight parents cited

other reasons, including difficulty in tak-

ing time off from work and expecting
reminders in the mail.

Discussion
This study shows that financial access

to preventive care does not guarantee
timely childhood immunization. Although
prompt immunization rates are higher
among KPMCP children than among the
general population, one in eight children
enrolled in KPMCP was at least 3 months
late for the MMR vaccination.

This study suggests that managed
care settings should attempt to better
inform parents of when immunizations
are due. More than one third of parents of
13-month-olds in this study did not know
when their child's next shot was due, and
these families were twice as likely as

others to be late for the MMR. These
findings support two interventions: (1)
improving the written information handed
out to parents at visits to highlight when
immunizations are due and (2) reminding
families when immunizations are due via
letters or telephone calls.

Advance outreach efforts in man-

aged care settings may be difficult; vari-
ables from existing computerized data-
bases could not accurately predict which
children would have delayed immuniza-
tion in this study. However, immunization
tracking systems should at least enable
providers to promptly remind families
who have already missed an immuniza-
tion. An automated telephone reminder
system has proven cost-effective when

used with an immunization tracking sys-
tem in the general population.'2

This study underscores the impor-
tance of continuity of health care, in that
families who did not identify a regular
doctor or nurse-practitioner were almost
three times as likely to be late for the
MMR immunization. This result supports

evidence from other studies, which sug-

gests that the ability of patients to identify
a primary care provider enhances the
quality of health care."16 The study did
not find an association between copay-

ment amounts and delayed immunization;
previous studies have reached divided
conclusions on this question.17'18

The relatively high immunization
rates in this population may be explained,
at least in part, by good financial access to
a comprehensive health care system that
covered immunizations. This study is
unique in controlling for financial access

while prospectively evaluating nonfinan-
cial predictors. Education, income, and
language were not associated with de-
layed immunization. Families with more

children were more likely to have delayed
immunization; this finding was similar to
that of a previous study.8 In the general
population, children of minority races are

at higher risk for delayed immunization.19
In the present study, Black race was

associated with delayed immunization,
but the association was not statistically
significant after other potentially mediat-
ing variables, such as knowledge of when
the shot was due, ability to identify a

regular doctor, and family size, were

controlled.
We found no association between

most parental attitudes toward vaccina-
tion and subsequent delay in immuniza-
tion. Unexpectedly, parents who worried
more about the risks of shots were

actually less likely than others to be late,
perhaps because their worrying reflected
a generalized anxiety about health that
could be associated with a higher likeli-
hood of seeking preventive services.

This study included families of di-
verse races and educational levels. How-
ever, it was limited by the ineligibility of
27% and the unreachability of 9% of the
patients selected for attempted inter-
views. Hard-to-contact respondents may

have been more likely to be non-White20
or to have recently moved or changed
insurance plans. This could have biased
the study against identifying these charac-
teristics as predictors of delayed immuni-

zation. The finding that 24% of the
children experienced gaps in KPMCP

insurance between 13 and 18 months of

age demonstrates the challenge of devel-
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TABLE 3-Logistic Regression Analysis of Predictors of a Delay of 90 Days or
More in Measles-Mumps-Rubella Immunization: Northern California
Kaiser Permanente Medical Care Program, 1992

Adjusted 95%
Odds Ratio Confidence Interval P

Black race 2.0 0.9,4.3 NS
Asian race 1.6 0.8, 3.3 NS
Latino race/ethnicity 1.1 0.5,3.4 NS
Number of children in family 1.4 1.1,1.8 .007
How far in advance previous appointment 0.7 0.5,1.0 NS
was madea

No regular doctor by parent's report 2.9 1.0, 8.6 .05
Didn't know when next shot was due 2.0 1.2, 3.5 .01
Amount parent worries about risks of shotsb 0.7 0.6, 0.8 .03

aOrdinal variable. 1 = less than 1 month, 2 = 1 to 2 months, 3 = more than 2 months. Thus, having
made the last appointment farther in advance was associated with a lower risk of delayed
immunization.

bOrdinal variable. 1 = not at all, 2 = a little, 3 = a moderate amount, 4 = a great deal. Thus, worrying
more about the risks of vaccines was associated with lower rates of delayed immunization.
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oping integrated immunization tracking
systems, which will need to coordinate
records as families change providers and
insurance plans.

We conclude that delays in child-
hood immunization and gaps in parent

understanding of immunization require-
ments occur even among families with
good financial access to health care.

Financing reform should improve access

to immunizations for some children.
Among children with good financial cover-

age, more work is needed on interventions
to better inform parents of when immuni-
zations are due. O
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